The accuracy, safety, reliability and cost of use of 35 intravenous infusion pumps and 3 flow controllers were assessed. When infusing saline 11 out of 17 syringe pumps, 3 out of 5 peristaltic pumps, 1 out of 2 roller pumps and all 14 cassette pumps tested were accurate to within 5% over their full ranges of operation. There was no significant change in the performance of any of the pumps tested when saline was infused through a standard resistance, except in the cases of the 3 flow controllers which were unable to infuse at all against the resistance. When 50% dextrose was infused, delivery by two peristaltic pumps was reduced by 23 and 38%. No pump cut out or alarmed at pressures of up to 200 mmHg and 21 pumps continued to infuse against pressures of 750 mmHg or greater. Surges of up to 0.5 ml occurred after release of an outlet obstruction. One device was fitted with a variable high pressure alarm. This device could also measure pressure in the infused vessel and was found to be accurate for measurements of central venous pressure. The cost of consumables for a single use for syringe pumps ranges from A$2 to $5, for peristaitic and roller pumps from A$1 to $10, and for cassette pumps from A$7 to $12, with an additional A$2 for a burette. Accurate delivery of intravenous fluids and drugs is available but is expensive and requires the operator to be specially trained. No simple, cheap, accurate device is yet available.
Accuracy of infusion rates
Tests for accuracy were carried out at an ambient temperature of 22 0 to 24 QC and a relative humidity of 50 to 55070. Rates of delivery were determined by timing an infusion into a pre-weighed beaker containing approximately 1 ml of light machine oil to prevent evaporation, and then determining the delivered volume by calculation after reweighing and correcting the specific gravity of the fluid infused (1.006 for saline and 1.18 for 50070 dextrose). Weighing was carried out using a calibrated top-loading electronic balance (Model PL 1200, Mettler Instrument, AG, Zurich, Switzerland). Infusion times were measured using an electronic stop-watch (Cronus 1, Intersil Inc., Cuperinto, CAL 95014). The rate of delivery of each pump was determined at settings (if available) of 1, 2, 5, 10, 20, 50, 100, 200 and 500 mllhour when infusing saline. The rate of delivery of each pump was then determined at settings (if available) of 2, 5, 20 and 100 mllhour when infusing 50070 dextrose, and at settings (if available) of 20, 50 and 100 mllhour when infusing saline through a standard resistance. This resistance was such that an in-line pressure of 20 kPa (150 mmHg) was generated at a flow of 100 mllhour. 
Occlusion pressure
The outlet of the giving set was occluded, and the hydrostatic pressure at which the occlusion alarm (if fitted) sounded was noted for each pump. The volume of surge fluid after release of the obstruction was measured over a range of pump speeds with a cassette and administration tubing set (Imed C924) and with the infusion tubing used with syringe pumps (Tuta 50-306). range 25-499 mmHg. This procedure was repeated twice. None of the other pumps tested had an in-line pressure gauge.
Comparison of occlusion pressures with the pressure alarm setting of Device C-3J
The pump was set at a flow rate of 50 mllhour in the laboratory and the outflow tract was occluded. The pressure in the delivery line was continuously monitored using the transducer /preamplifier /recorder system described above. Pressures were noted when the alarm sounded and the device stopped pumping and when the line pressure equilibrated (i.e. 2 minutes after stopping). This procedure was followed for 8 alarm settings in the range 25-499 mmHg pressure. This procedure was then repeated for a flow rate of 100 mllhr.
Comparison oj CVP measurement in six patients using Device C-3J
The accuracy of the pressure gauge was also determined in the ward by comparing its central venous pressure readings with those measured simultaneously using a hydrostatically calibrated strain gauge transducer (Bell and Howell, as above) connected to a preamplifier (Hewlett Packard Model 78342A, Hewlett Packard Inc.) and a recorder (Gould Model 2600, Gould Brush Inc.); 20-25 comparisons were made in each patient. This procedure was repeated in six patients.
Statistical methods
Mean percentage error and standard deviation were determined when each device delivered 0.9070 saline, 50% dextrose and when pumping against a resistance. Because the standard deviation of residuals was proportional to the flow rate (i.e. constant percentage error) the regression of the delivered volume on the device setting was determined as described by Snedecor and Cochran. I
RESULTS
The code number, model, capital cost, and cost of consumables for each device are presented in Tables 1, 2 and name and address of the manufacturers and suppliers in Tables 4, 5 and 6; the code number, weight, dimensions, power source, alarms, and range of available infusion rates and infusion capacities in Tables 7, 8 and 9; and the code number and performance of each device in Tables 10, 11 and 12. All devices tested were durable, easy to clean, and passed the electrical safety test based on Standard AS32oo, except Device S3 (Braun Secura) which had an earth leakage current of 230 microamps when used on mains power; this device passed the standard on battery power. Subjective assessments are considered in the discussion.
Syringe pumps
When infusing saline, these devices had mean errors over their full range of operation ranging from -7.8 to + 10.0% and standard deviations (SOs) which ranged from 0.5 to 17.6%. Devices S2, S5, S13, S14, S16 and S17 were the least accurate as indicated by their means and standard deviations of percentage error. Further, Devices S13 and S16 were the only two which had slopes (volume delivered on device setting) which were more than three standard errors from one. The remainder had mean errors of -4.1 to +1.6% (SOs 0.5 to 3.4%). When infusing against a resistance and when infusing 50% dextrose there were no significant changes in the volumes delivered. Where over- pressure alarms were fitted, no pump cut out or alarmed at a pressure of less than 250 mmHg. Devices S2 and S6 continued to pump until inline pressures of 1500 and 1600 mmHg were reached. At these pressures surges of up to 0.5 ml of fluid occurred on release of the obstruction when standard infusion tubing (Tuta 50-306) was used.
Peristaltic and roller pumps
When infusing saline, these devices had mean errors over their full ranges of operation from -6.1 to +5.30/0, and SDs which ranged from 1.7 to 6.1 %. When infusing against a resistance there was no significant decrease in the volumes delivered by Devices P20-R24. Infusion against the standard resistance was not possible with Devices P18 and P19. When infusing 50% dextrose, the outputs of Devices P19 and P20 were reduced by 23 and 38% respectively and are thus considered unsuitable for the infusion of very viscous liquids. Devices P18 and P19, both controllers, were unable to generate any significant pressure when occluded. However, none of the remaining devices in this group cut out at pressures of less than 600 mmHg, and Devices P20 and P22 continued to pump until in-line pressures in excess of 1350 mmHg were reached. Devices P19 and P20 could be used with standard intravenous infusion sets while the remainder required special sets.
Cassette pumps
When infusing saline the mean percentage errors over the full range of operation of all cassette pumps tested ranged from -3.0 to + 1.60/0 and the SDs from 0.7 to 3.0%, with the exception of Device C25 which had an SD of Syringe pumps -weight, dimensions, power source, alarms and range of infusion rates and capacities 
Accuracy of pressure gauge and CVP measurement with Device C-3J
When the pressure shown by the monitor was compared to the pressure in the infusion line there was a mean percentage difference of + 0.5 mmHg (SD 1.4, n = 48, range -2 to + 4 mmHg) in the range of measurement from 
DISCUSSION

Syringe pumps
Twelve of the pumps in this group had mean errors of less than 50/0. Devices S2, S5, S13, S16 and S17 had mean errors of between 5 and 10%. Although Device S14 had a 2.3% mean percentage error, it had an excessively large standard deviation because it under-delivered at high flows and over-delivered at low flows_ This is also reflected in the high standard error of the slope of the linear regression. This was the only pump in the study which did not have a constant percentage error over its delivery range. All of the syringe pumps were capable of infusing 50070 dextrose and of infusing against a resistance with a change in accuracy of less than 10%. Devices S3, S4, S6, S7, SI2, SI5 and SI7 have been examined in other studies 2 ,3,4 and have been found to be satisfactory. When tested on mains power, the enclosure of Device S4 did not qualify for Class A electrical safety.
The excessive earth leakage current was traced by the manufacturer to an inadequate line filter. An exchange filter was promptly supplied to the Australian agent. With all syringe pumps it is necessary to ensure that the syringe is securely clamped into the mechanism in the correct manner. Failure to do this may result in substantial error, failure to infuse at all, or delivery of the total syringe contents over a few minutes (by gravity); this is a frequent problem even when use of the pumps is restricted to trained staff. Furthermore, the total volume that may be infused is limited by the capacity of the syringe. Careful checking procedures should be instituted, and, ideally, total dose in the syringe should be limited, particularly for ward use. These problems constitute the main drawbacks of syringe pumps, and limit their use to situations where close scrutiny of both infusion pump and patient are possible. As surges of up to 0.5 ml are possible with standard tubing after release of an obstruction, appropriately diluted solutions of potent drugs should be used, and operators must be trained to disconnect the infusion line before releasing the obstruction.
Peristaltic and roller pumps
The pumps in this group had the widest range of inaccuracies, particularly when infusing 50070 dextrose. Using the criteria that a pump should be accurate to within 5% for infusing normal saline and within 10% when infusing 50% dextrose, or when infusing against a resistance, only Devices P22 and R24 performed satisfactorily. Although Device P20 did not meet our criteria due to its failure to accurately deliver viscous liquids, the Emergency Care Research Institute described the pump as being reliable and economical, although recognising that it had a questionably effective occlusion alarm. 5 Likewise, although Device R23 was found to be outside our accuracy criteria, other workers 2 ,6,7 have rated this pump as acceptable.
Cassette pumps
The pumps in this group were the most accurate. The main disadvantage of this group of devices, however, is the high cost of the basic unit and of the disposables, and the relatively complex procedure for setting them up. Although large volumes may be infused, it is necessary to place a burette in-line to be certain that correct volumes are, in fact, being delivered. However, once set up, they are generally easy to use, and have a fairly wide range of indicators and warnings. Devices C25, C28, C29, C30, C33, C35, C36 and C37 have been examined by other workers 2 ,4-7 and have been found to be accurate and reliable, in general agreement with our findings. Device C35, was found to have a deteriorating performance if bubbles formed in the lines. 7 Again, as surges of up to 0.4 ml are possible with standard cassettes and administration sets care must be taken with the appropriate dilution of potent drugs and staff must be trained, with infusions containing potent drugs, to disconnect the infusion tubing before the release of obstructions.
In vitro the pressure gauge of Device C31 was within 5070 of reference pressures and in the patient study CVP measurements were found to be satisfactory. This device is also fitted with an alarm which may be set to stop the infusion if in-line pressure exceeds a pre-set value. When the occlusion pressures were compared with the pressure alarm settings it was found that the line pressures at occlusion were always greater than the alarm settings. At alarm settings of 25, 50 and 75 mmHg pressure the mean in-line occlusion pressures were 49, 100 and 132 mmHg pressure respectively. Furthermore, it was noted that after occlusion there was no mechanism to release this pressure and the inline pressures remained 25 to 75 mmHg higher than the alarm pressures. Thus with sudden release of an occlusion up to 0.5 ml would be infused as a bolus. 
Some general conclusions
No cheap, accurate, simple device for controlling the infusion of intravenous fluids is yet available. The performance of syringe pumps is generally adequate for clinical use, but the overall volume that may be infused is limited by the syringe capacity. The risk of infusion by gravity if the plunger or barrel is not clamped properly in place places constraints on where and how the pump may be used and may limit the total dose in the syringe to one unlikely to cause morbidity or mortality if inadvertently infused. The peristaltic and roller pumps were generally less accurate, and some failed to deliver if in-line pressures increased. Substantial in-line pressures could be generated by all the other pumps tested. This, coupled with the compliance of the delivery sets tested, led to surges of up to 0.5 ml of fluid on release of an obstruction. This, again, places constraints on how and where these pumps may be used when infusing potent drugs at low rates. For safety, dilute solutions of potent drugs should be infused and/or nursing staff must be trained to disconnect infusion lines before releasing obstructions; this latter manoeuvre is obviously undesirable from the point of view of possible contamination of the delivery set.
The cassette pumps were accurate but at a high cost for both the basic units and for disposables, particularly if a burette is placed in-line, as would seem prudent, to check the volume of fluid that has been infused. They are also subject to the surge problem on release of an occlusion. Cassette pumps are generally more complicated to set up, and quite frequently repeatedly alarm and cease infusing with insignificant air bubbles in-line. This can be a major problem if essential short half-life drugs are being infused, such as catecholamines. There is still a need for a low cost, safe, accurate, simple means of delivering intravenous fluids and drugs. m SUBSCRIBE A highly regarded international anaesthesia journal publishing reports. of current investigations, informative review articles, editorials, clinical and technical reports, book reviews, correspondence, and meeting notices. Published bi-monthly in January, March, May (Parts I and 11), July, September, and November (includes Index of Authors and Index of Subjects).
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